Abstract
heterozygosity and disease susceptibility in domesticated livestock, where disease resistance 23 has the potential to improve animal welfare and productivity. We have investigated whether 24 susceptibility to footrot, an important cause of poor welfare and reduced productivity in sheep, is 25 associated with heterozygosity at 14 candidate microsatellite loci. Heterozygosity at locus 
46
nodosus is an obligate anaerobe that can survive off the host for 7 days (Whittington 1995) .
47
Such a survival interval should be sufficient to allow all sheep in an infected population to be 48
exposed, yet the majority does not develop disease, suggesting there is host variation in 49 susceptibility.
51
Resistance to footrot varies between populations and phenotypes, and where heritability has 
159
status in the first sample set (n=95) was investigated using generalised linear models (GLMs) in 160 R2.7.2 (http://www.r-project.org). We initially tested whether IR was significantly associated with 161 footrot disease status (positive (n=48) or negative (n=47)); then we tested the association at 162 each locus individually. To compensate for overdispersion, significance testing was carried out 163 using F-tests. Overdispersion is the norm for GLMs in which the response is modelled using the 164 binomial. It is relatively simple to apply a conservative correction to take this into account by 165 using F-tests rather than Chi-square tests. Resulting P-values were corrected for multiple tests 166 using the FDR implemented in Q-value (Storey and Tibshirani 2003a).
168
After the second stage of genotyping, the association between heterozygosity and disease was 169 calculated as described above in the full study population (n=175 successfully genotyped -8 - (Table 1) .
174
The risk of footrot for homozygotes at BMC5221 was determined by calculation of odds ratios 
184
The observed and expected genotypic distribution at the associated locus was calculated using 
-9 -
High F ST at an individual locus compared to a simulation assuming neutrality would potentially 197 indicate divergent selection whereas low F ST suggests balancing selection.
199

Results
200
Association between homozygosity and footrot
201
The genotypes of all markers were in Hardy-Weinberg equilibrium. Observed heterozygosity 202 ranged from 0.26 to 0.95 with an average of 6.6 alleles per locus (range 2-12; 
209
Both of these loci were initially selected using gene ontology (GO) codes for response to Gram- 
243
However the distribution of these homozygotes differed from expectation (χ 2 =35.32, 7 d.f.,
244
P=9.7×10
-6 ), with an excess of rare alleles, and only one at the commonest allele, allele 9 (Table   245 3).
246
-11 -
Discussion
248
The aim of the present study was to investigate whether genetic varation influences 249 susceptibility to footrot in domestic sheep. We have tested for possible associations between 250 footrot in a flock of sheep examined several times each week over two consecutive years, and 251 microsatellite homozygosity. We studied a commercial crossbred sheep population rather than 252 a research flock to give our work a broader appeal; however without further testing we cannot 
257
We were unable to detect a correlation with multilocus heterozygosity, or evidence for selection 
289
The strongest deviation from Hardy-Weinberg expectation involved a large deficit of allele 9 290 homozygotes in both case and control sheep. This might be due to purifying selection, though 291 the implied mortality would have to be very high. As two of the three allele 9 homozygotes are 292 present in the disease-free group, this genotype appears not to be associated with virulent 293 footrot, but may impact on other diseases. Arguably, and more likely, is that allele 9 is present 294 at a much higher frequency in one of the parent breeds compared with the other. This would 295 facilitate the high allele 9 frequency in our population, and the low frequency of homozygote 296 individuals. Quite why homozygotes for allele 5 are absent from the disease-free group (Table   297 3) is unclear, but this may again reflect a breed-specific allele frequency or, speculatively,
298
linkage to a deleterious recessive allele.
-13 -300
The association between heterozygosity and disease is supported by the observed dose 301 response relationship (Figure 1 ). Stratifying the data according to disease severity reveals a 302 pattern where the association with homozygosity is at its highest among animals with the most 303 severe symptoms and declines as the symptoms become weaker. This is exactly the pattern 304 expected if disease severity reflects a balance between both genetic and non-genetic risk factors 305 such that the most severely affected animals have a higher probability of carrying susceptible 
358
The phenotypic data used to characterise sheep in this study were more detailed than are 
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